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Analysea of three samples of fallout from the Navajo
detonation of Operation mnm revgo.led thgopreaenﬂe of
the induced radioieotopes Co57, Co%8 and Co The amounts
of these radioisotopes presant in the samples would not con-
stitute an internal hszard compered %o the amounts of Sr90
present in the samples. Howsver, the Co5T, €059 and Co
values obtained indicate thet theas lisotopes would contribute
appreciably to the external gamme radiation from fallout
fields reprasenteil by the samples. The product/ﬁnsion ratios
of the individual nuclides were obtained.
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NONTECHENICAL SUMMARY

The Problem

It is possible for radioactivity to be induced in envirommental
materials by rediation from & nuclear detonation. If such formation
occurs to an appreciable extent, the radioisotopes thus created could be
in the fallout resulting from the detonation and would inereasze the ra-
diological hazard beyond that which would derive from the fission pro-
ducts of the weapon itself.

Evidence was found that cobalt-60 had been induced during nuclear
weapon test detonations. As this redicisotope ie long-lived and emits
ganmea rsdiation of appreciable energy and therefore could be significant
in fallout hazards, a search was made, in fallout samples, for cobalt
radiolsotopes produced during Operation REDWING, Shot Ravajo, and quanti-
tative measurements were made of those found.

Findings

Three induced radioisctopes of cobalt were fourd, 0057, 0058 and 0060.
Compared to the strontium-90 also found, these radioisotopes would not
constitute an internal hazard if the fallout were to be inhaled or in-
gested. However, they would contribute significantly to the external
hazard from the gamma radiation emltted by fallout fields represented by
the samples.

ii1
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ADMINISTRATIVE INFORMATION

The work reported herein was sponsored by the Bureau
of Ships of the Navy under Technical Objective AW-7,
K8 081-001 as Program 25; Problem 1 during Fiscal Year
1958, This work is described in this Laboratory's Proposed
Technical Program for Fiscsl Year 1958 dated May 1957.
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REPORT OF INVESTIGATION

INTRODUCTION

It has been assumed generally that the long-term radiclogical hazards
due to fallout from & nuclear detonation depend primarily upon the long-
lived fission products. However, other radioactive products which are
not derived from figsion reactions may be present in fallout and contri-
bute to the hazard. These latter products would be created by neutron
activation of elemepts in the 1mg8d1tte vicinity of the detonation. The
Presence of one such product, Co“-, has been indicated by analyses of
fal.lou} material* and of blological specimens recovered from fallout
arefs.

The present investigation, carried out to determine the amounts of
0060 in fallout samples from the Navajo detornation of the 19;6 teat aeries,
revealed the existence of two additional cobalt nuclides, Co’T and Co58.
The amounts of these nuclides were determined. To permit assessment of
the relative internal hazards from the cobalt isotopes, determinations of
Sr’Y were made on the same samples. From these data the cobalt-60, -58,
~57/strontium-90 ratics were derived. Since all three cobalt isotopes
emnit gamma radiation, they would also contribute to an externosal hazard.
This was estimated by summing the photon energy release per unit time from
the observed amounts of radiocchalt and comparing it with similar values
calculated for the associated fission products.

The totsal number of fission events represented by each sample was
determined. Product-to-fission ratios for the rediocobalt isotopes in
each sample were computed.

* Private communication, D. Sam of this laboratory.
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EXFERIMENTAL

Radiochemical analyses were carried out on three samples of fallout
wvhich had been collected in laige trays at approximaiely 25 miles NNW of
ground zero (sample designated YAG-39-35 Na) and at about 6 miles SE of
ground zerc (samples designated YFNB-13E-59 Na and YFNB-13E-60 Na).

The total number of fissions in each sample was determined by counting
gross fission-product activity with a special low-geometry gamma scintilla-
tion counter. The counter was previously calibrated, by radiochemical
methods, in terms of counts per minute per fission as a function of time.2»3

After the fission evaluations, the material composing each sample was
removed from the collector trays snd was brought into solution by successive
ireatment with fuming HNO,, EC10), and HF. Each sample was then taken to a
volume of 100 ml with 6K fCl. Aliquots were removed from the solutions for
cobalt and strontium analyses.

The strontiuﬁ analyses were carried out through molification of an
existing method.” Step-wise, the procedure was as follows:

1. A 25-ml allquot of the original solution was placed in a 50-ml
centrifuge tube and reduced to 5 ml by heating.

2. Five hundred A of carrier-free Sr0? were added for yield
determination.

3. Two ml of strontium carrier {~ 6.00 mg Sr++/ml) were added.
Following this, 30 ml of fuming HNO, were added, the cone was
placed in an ice bath for seversl minutes, and the aliquot was
stirred, removed and centrifuged.

k. fThe supernatant was decanted and the precipitate dissolved
ip 10 ml of water. Ten drops of Fe**+ golution ( ~ 10 mg PetH/m1)
were added and the solution was heated to boiling. Iron was pre-
cipitated vith carbonate-free NH)OH and the solution wes centri-
fuged. The time of separation o# Y from Sr was noted, and the
supernatant was transferred to a clean centrifuge cone.

5. After addition of 2 ml of conc NH),0H to the clear supernatant,
the solution vas heated to boiling and 5 ml of saturated (NH)).Couy
solution was added drop-wise with stirring. The resulting preci-
pitate was filtered onto a No. 42 Whatman filter paper, washed
three times with 5 ml of water, three times with 5 ml of ethanol
and three times with 5 ml of ether.

2
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The precipitate vas Aried in an oven at 100°C for 20 min, cooled
and weighed as 8rC»0)'HpO0. It was then placed on a thick hrass
planchet and bets counted.

Following beta counting, the sample was transferred to a test
tube. The filter paper wvas wet-ashed and the Sr brought into
soluticn with 1 ml of water.

Prior to final solu*icn of the meparated Sr (8Step 7), the growth of
Y9° vas followel. These measurements vwere used to compute the amount of
8r%0 at time of separation (ggap 4). After spplicatior of the usual

corrections, the nimber of 8

atoms present at zero time wvas determined,

using a half-life value of 27.T + 0.4 yearn.s

The amount of Br85 presant in the final solution vas measured wiith a
gomme ray spectrometer, This value was compared to the amount of Sr
added and the yield derived.

m;l..yees for cg 1t were carried out through modification of a published -
thod.

Bince Mn’" was known to bhe present, manganese carrier was added.

Step-wise, the analytical procedure was as follows:

1.

2.

3.

h.

5-

0017136

Two ml of atandardized cobalt carrier ( ~ 10 =g Co/ml) and 1 ml
of Mn carrier ( ~ 10 mg Ma/ml) vere added to & 25-ml aliquot of
original solution.

The solution was heated to dryness and 0.5 ml con¢ HC1l and 3 ml
of vater were added.

One ml of 5M NHiCl solution was added. The resulting solutiom
wvas made alkaline with 15M RH)OH and 10 drops excess KH\,OH added.
After this the gsolution was centrifuged and the precipitate dis-
carded.

The supernatant wvas saturated with and then centrifuged. Two
drops of 15M NH),OH were added and HoU was passed through the
supernatant. After this the supernatant wes discarded and the
precipitate vas washed with 3 ml of water.

Three ml of a solution of equal parts of saturated NayB0), and 2
NaHSO),, by volume, were added. The resulting solution wes stirred
for 2 min, and then centrifuged. The supernatant wvas discarded
and the precipitate was washed with 3 ml of water.

One-half ml of cone HC1l, 1 drop of and heat vere used to
bring the precipitate into soluticn. ml of glacial scatic
acid were added and the solution diluted to 25 ml with water.
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7. 8ix ml of 3M acetic acid saturated with KNO2 were added and the
mixture was cooled in an ice bath for ten min. The solution was
centrifuged, the supernatant remocved and the precipitate washed
with 30 m}l of 1.5M acetic acid and 30 ml of a 50% ethyl alcohol-
vater solutinn.

8. Three ml of conc HC1 were used to dissolve the precipitate. The
soluticn wasz heated to bolling and Cs and Ba carriers saddel,

9. The rolutinn war Ailuted to 25 ml with water., Ten M KOR were
added to precipitate Co(OH),. The mixture was cenirifuged, the
supernatent dircarded and the precipitate wvashed with S mi of
water.

10. The Co(OH)> was dissolved with 3 ml of €M acetic acid and Cr and
2Zr holdback sarriers were added. Water was used to dilute to
25 ml and 6 ml of 3M acetic acid saturated with KNOp were added
to precipitats KiCo{NOp)g.

11. The precipitate was filtered onto a Whatman 42 filter peper snd
washed twice with 30 ml of 1.°M acetic zciA mnd twice with 30 ml
of 50% e‘hyl aleohol-water solutinm.

12. The cobaltiuitrite precipitate wvas placed iu an oven and dried
for 20 min at 100°C. It was cooled and weighed to lstermine
vield.

The cobalt yields were Adissolved aud analyzed for gamsa activities, 60
us%x;g 'Y aingée-ch&nnel gamma pulse-height anelyzer. The pregance of Co“~,
Co?! and Co’“ was establishei by ide-tification of their respective photo-
peaks by comparison with eteandards of known energy.

The disintegratisn “ata of each cobalt isotope was ohtained by analysis
of photopeak areas. After determinatior of the total pulse height distri-
bution, a standard of Cc™ was prepared to the magnitude of the C
photopeaks of the fs2olated cobalt. This C pulse height Aistribution was
subtracted from the total distribution. Thie subtraction of the Co
Compton continuum permitted determination of the CoST and Co5°. Their dis-
integration rates were ~omputed from experimentally determined gamma ray
efriciencies and consideration of their respegtive decay schemes (relstive
photon abundance, iaternal conversion, etc .gf Figure 1 shows the puly
height distributica of tha goparlted cobalt and the apa:trum of the Co
standard. The 0.84-Mey Mn~ photopeak is shovn as an energy reference.
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RESULTS

The quantities of the isotopes 0057, 0058 and 0060 present in each
sample at zero time and the quantities of sr30 present in each sample at
zero time are given in Table 1. This table ulso includes the fission
numbers determined for each sample. The error associated with each value
in Table 1 18 the determinate error involved in the measurements; these
include pipetting error, counting error, errors in chemical yields, etc.

TARLE 1
Atoms Prepent at Zero Time and Total Fissiocns in Each Sample

sample(®)  ¢o50 oo £o>® gr° Fissions
A 3.72¢1.14x1011 5.83+1.87x2010 3.13+2.25x1010 1.1540.08x1012 4.1340.41x1013
D 1.2540.49x1012 1.96+0.69x1011 1.05¢0.76x1011 5.1740.38x1012 1,40 14x10MY
c 1.18+0.36x1012 1.85¢0.65x1011 1.0140.73x1011 4.6240.34x1012 1,36+0.14x101"

{a) Sample A, YAG-39-35 Na .
Sample B, YFRE-13E-59 Na
Sarmple C, YFNB-138-60 Na.

The data of Table 1 were used to compute the 0057’58’60/8190 ratios
1isted in Table 2. The ratio errors shown are the determinate errors
associated with each measurement. The average errors are shown with the
average ratic values obtained.

Product-to-fission ratios for the individual co%alt nuclides in each
sarple vere derived from the data of Table 1, These ratios are presented
ir Table 3, Once again, determinate errors are included. Aversage errors
are associated wvith the average product-to-fission velues,
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TABLE 2

Ratios of Abundance of Co A.oms to Sr9° Atoms at Zero Time

Sample co0/8x90 Co?T /5r0 0028/8r 20
A 0.323 + 0,106 0.051 + 0.017 0.027 + 6.020
B 0.245 + 0.102 0.038 + 0.013 0.021 + 0,015
c 0.255 + 0.090 0.040 + 0.013 0.022 + 0.016

Av Values 0.27h 0,743 0.023

Av Errors + 0.100 + 0.00k + 0.017

TABLE 3

Product-to-Fission Retios of the Cobalt Isotopes

Sample cob0/r coo1/t coo8/s
A 9.0L + 2.91 x 10~3 1.41 + 0.k7 x 10-3 7.58 # 5.50 x 10-¥
B 8.68 + 2.80 x 103 1.36 + 0.45 x 103 7.29 + 5.32 x 10-&
c 8.68 + 2,80 x 103 1.36 # 0.45 x 10-3 7.43 # 5.42 x 10-4
Av Values 8.79 x 103 1.38 x 10-3 7.43 x 104
Av Brrors  + 2.8% x 1073 + 0.46 x 10-3 4 5.4 x 104
T
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DISCUSSION AND CONCLUSIONS

The ratiocs shown in Table 2 indicate that significant amounts of radio-
cobalt were formed relative tc S»30, The product-to-fisaion values of Table
3 show that there was no apparent radiocobalt fractionation between the two
fallout positions sampled. Possible r=zactions for the formation of the co-
bnég nuclides from environmental nickel and cobalt are: 0059§n,a0050,
N480(n,  Yco®, Co59(n;2n)co58, Ni58{n,p)cc53 and N158{n,2n)Ni T’R—’ codl.

The blological hazards resulting from fallout may be placed into two
categories:

l. the internal hazard caused by ingestion and inhalation of active
matexrial and

2. the external hazard -aused by penstrating radjation, the source of
vhich is external to the body.

If material, whose atom ratios ware that found in Table 2, were in-
gested or inhaled, the hazard due t9Q the presence of the radiocobalt would
be negligible as compared to the Sr”~. This_is evident when, among othego
factors, the biclogical half.lives (3.9 x 103 a for 8r™ ve 8.k 4 for 50 ;8
and the ionizing rediation emitted (B for 8r90, primarily y for Co57,58,60
are compared.

External hazard in fallout mmy be considered as that primarily due to
gamms rodiation. This hazard is a functiorn of photon energy, scattering,
abgsorption, etc. The net effect, however, of thege factors for fallout
situations (approximated by uniformly contaminsted fields) is that the
hazard is roughly proportional to energy release per unit time. Values of
gnfm energy released pexr second (pl) of fission productg resulting from
10" figsjone have been computed for times up to 1.2 x 107 y after time of
fission.” The values so obtained mey e compared over the same time period
with the energy releuedhper second (1,) by the quantities of radiocnbalt
found associated with 10 fissions. s retio yo/p in percent is found
to be 0.14 at 9.8 4, 31 at 1.20 y, 149 at 2.6 y, 211 at 5.6 y, and 26 at
25.7 y. These values represent the analyses of a limited number of samples
from one detonation. It is eavident, however, that radioccbalt produced in
the ratios given in Table 2, would constltute & considersble portionm of the
external hazard of fallout, particularly at times greater than 1 year.

Approved by:

ER T »y

E. R.
Head, Chemical Technology Division

For the Sclentific Director
8
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has reviewed and declassified the following documents:

USNRDL-TR-133, XP<145694, UNCLASSIFIED, STATEMENT A

URS-B162-6, AD-349217, UNCLASSIFIED, STATEMENT T,
ADMINISTRATIVE OR OPERATIONAL USE, 3/19/99

USNRDL-TR-215, AD-C006187, UNCLASSIFIED, STATEMENT A

URS-162-8, AD-348723, UNCLASSIFIED, STATEMENT D,
ADMINISTRATIVE OR OPERATIONAL USE, 3/19/99

WFES-TR-2-471, AD-909045, UNCLASSIFIED, STATEMENT C,

TEST AND EVALUATION, 3/9/72.
WES-TR-1-695, AD-368244, UNCLASSIFIED, STATEMENT A
WES-MP-1-689, AD-356460, UNCLASSIFIED, STATEMENT C,
ADMINISTRATIVE OR OPERATIONAL USE, 3/23/99

These documents were reviewed under the Executive
Order 12958.
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ARDITH JARRETT
Chief, Technical Resource
Center



